We present some model calculations of persistent currents in disordered one-and two-dimensional mesoscopic systems. We use the tight-binding model and calculate numerically the currents in small systems for several values of disorder. Next we fit appropriate analytical formulae, and using them we find self-sustaining currents and critical fields in larger, more realistic systems with different shapes of the Fermi surfaces (FS).
Introduction
With advances in technology, fabrication of submicron devices has become possible. Such systems exhibit quantum coherence which is the subject of extensive experimental and theoretical studies.
Recently, in a series of papers [1] , model considerations of self-sustaining persistent currents in a set of clean mesoscopic metallic rings have been presented. In this paper we investigate whether such currents survive in the presence of scattering driven by impurities and temperature. We will consider a set of concentric mesoscopic rings stacked along a certain axis and a set of concentric two-dimensional (2-D) cylinders. Such samples can be obtained by lithographic methods from metals or semiconductors [2] .
Quasi One-dimensional Mesoscopic Rings
Let us consider a set of quasi one-dimensional (1-D) metallic mesoscopic rings stacked along y axis threaded by the external magnetic flux φ e . We assume that each ring posseses the same number of conducting electrons N e (even or odd). The situation when some of the rings carry an odd number and other carry an even number of electrons has been considered in [1a] . The long range magnetostatic (current-current) interaction between electrons from different rings is taken into account in the mean field approximation (MFA).
The gauge-invariant tight-binding Hamiltonian for a single ring is of the form:
where t =h 2 /(2m e a 2 ) is the hopping matrix element, a is the lattice constant; c + n , c n are the creation and annihilation operators; N is the number of sites in each ring (channel); θ n,n+1 comes from the magnetic flux φ :
where A is the vector potential, and φ 0 = h/e.
The flux φ is composed of two parts,
i.e., each electron moves in the external magnetic flux φ e and in the flux coming from the total current I in the system; L is the selfinductance coefficient.
The disorder is given by a random choice of the on-site potentials V n from a rectangular distribution of width W = κt, κ ≥ 0, and strength −W/2 to W/2.
In the case of a clean system (V n = 0) we can calculate the current I in the system, diagonalizing the Hamiltonian (1) directly, by using the Fourier transform. We get
where
, f α is the Fermi-Dirac distribution function, α is the orbital quantum number for an electron going around the ring (α = 0, ±1, ±2, ...); M t = MP , M and P are the numbers of rings along and perpendicular to y axis respectively (P ≪ N).
In this paper we concentrate on a disordered system (V n = 0). The
Hamiltonian (1) can be written in the form of a matrix (NxN):
where the base vectors are chosen as follows: c The above matrix we have diagonalized numerically for different N (<100) and different W/t using the "Monte Carlo" method [4] . We also calculated the current I 1 (φ, W/t, T ) by numerical differentiation; it is presented in Fig.   1 for N = 80 by symbols [5] . We see that the impurity scattering leads to the amplitude reduction and the shift of the maximum of the I 1 (φ) characteristics. We note [8] that elastic scattering has a very similar effect on the I 1 (φ) as temperature. Whereas a non-zero temperature leads to a redistribution of electrons among the energy levels, collisions lead to a change in the levels themselves. If the average collision time is τ , then the uncertainty in the electron energy is of the order ofh/τ, inverse proportional to the elastic scattering mean free path l e ∼ (t/W ) 2 [6] (the localization length ξ in one dimension). If τ is not too short, it plays a similar role as the temperature [7] .
Because of the limited capacity of computers and long time needed for computing, it is very difficult to calculate in this way the current
for N > 100. However we want to investigate the possibility of the existance of self-sustaining current in the system with impurities. The phenomenon of such current is a collective effect [1b] and can be obtained only if the number of interacting electrons is relatively large, i.e. for large (but still mesoscopic)
systems. The selfconsistency formula for the current at φ e = 0, obtained by the use of Eq. (3), is of the form:
l = Mb is the length of the cylinder made of a set of mesoscopic rings, b is the distance between rings; µ 0 is the magnetic permeability of free space.
To get a stable, nontrivial solution of Eq. (6) we need to consider a set of mesoscopic rings with N ≫ 100. Even though exact numerical solutions of the current in the presence of impurities were performed for very small samples, they show generic features for all mesoscopic rings [8] . Thus we have fitted an analytical formula to the numerical results of Fig. 1 and we assumed that it can be used for the qualitative analysis of Eq. (6) for larger rings. I 1 is periodic in φ/φ 0 , with period 1, and can be expressed as a Fourier sum [3] , [9] . The best fitting, denoted in Fig. 1 by solid line, we have obtained for the formula:
where In the clean system at T = 0 K we would have [3] :
Now we are in position to look for the self-sustaining currents. They can be obtained from the self-consistent equation for the total current (6), where the current I = M t I 1 is taken with the quenched average, I 1 is given by the formula (8).
The case of a clean system, in the free electron model, has been analysed in [1b] . Here we extend earlier studies to include the dependences on disorder and temperature in the tight-binding model with the half-filled band. The results depend on the number of electrons in a single ring.
In the case of an even number of electrons in each ring the current is paramagnetic and the stable solutions of Eq. (6) being the intersections of the curves marked by circle correspond to a spontaneous current I s . They are presented in Fig. 2 for different parameters γ. In Fig. 3 we also present the temperature dependence of persistent current and we see that both temperature and disorder act almost in the same way.
In the case of an odd number of electrons in each ring the current is diamagnetic for small φ and the stable solutions of Eq. (6) presented in Fig.   4 correspond to flux trapping, the phenomenon known in superconductors.
The temperature at which the transition to the state with the self-sustaining current occurs is denoted by T c . We see that T c decreases with increasing the impurity content and that flux trapping can be obtained only in weakly disordered systems.
Two-dimensional Mesoscopic Cylinders
Let us consider now a set of coaxial closely packed two-dimensional (2-D)
cylinders [11] . The appropriate tight-binding Hamiltonian for a single cylinder is of the form:
where t b =h 2 /(2m e b 2 ) is the hopping element in the y direction, b is the lattice constant in the y direction.
In this case to get the current I in a disordered system, we have performed similar procedures to the previous 1-D case. Finally we have obtained:
where 1/γ is a disorder parameter, γ ∼ (t/W ) 3/2 ln N;
is the radius of the FS corresponding to the channel m which depends on the shape of the FS.
After performing a quenched average of I(φ, γ, T ) over γ (W/t) with the Gaussian distribution we can look for self-sustaining currents.
In the clean system at T = 0 K we would have again [8] :
The self-sustaining currents can be obtained from equations (6) and (11). 
and Self-sustaining currents are a hallmark of a phase coherence. Thus we can introduce, in analogy to superconductors, a notion of a critical field H c below which the system is in a coherent state. The system is in a coherent state if we get at φ e = 0 the nonzero crossing of the currents I(φ) and φ L (Eq. (6)). Let us denote by φ max the value of φ at which I(φ) reaches its maximum value I max ≡ I(φ max ).
we get a non-zero solution. Accepting the interpretation [12] that the critical field H c in the cylinder is determined by the maximum value of the current I max one finds from Eq. (16):
The magnitude of I max depends on temperature, disorder and on the geometry of the FS and can be extracted from Figs. 4, 5.
The critical field H c as a function of the disorder parameter 1/γ and temperature T is presented in Figs. 7 and 8 respectively. We see that it decreases with the increasing disorder and likewise decreases with the increasing temperature.
Conclusions
In the presented paper we have addressed the question of whether self- From the presented I(φ) characteristics we were able to determine the critical field H c , below which the system is in a phase coherent state. We have shown that H c decreases with increasing disorder and temperature respectively.
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